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Introduction:	Autism	spectrum	disorder	 (ASD)	 is	mainly	characterized	by	 functional	
and communication impairments as well as restrictive and repetitive behavior. The 
leading hypothesis for the neural basis of autism postulates globally abnormal brain 









spatial	 analysis,	we	used	probabilistic	 independent	 component	 analysis	 (ICA)	 and	 a	
permutation	statistical	method	to	reveal	the	RSN	differences	between	the	groups.	For	
the	 temporal	 analysis,	we	applied	Granger	 causality	 to	 find	differences	 in	 temporal	
neurodynamics.
Results:	Controls	and	HFA	display	very	similar	patterns	and	strengths	of	resting-	state	
connectivity.	We	do	not	 find	 any	 significant	differences	between	HFA	adolescents	






sized	 that	 this	weaker	 dynamic	 pathway	 is	 due	 to	 a	 subtle	 trigger	 challenging	 the	
 cognitive state prior to the resting state.
*These authors contributed equally to this work.
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1  | INTRODUCTION
Autism	 spectrum	 disorder	 (ASD)	 is	 a	 heterogeneous	 neurodevelop-
mental	 disorder,	which	 is	 characterized	 by	 persistent	 deficits	 in	 so-
cial	 communication	 and	 social	 interaction	 across	 multiple	 contexts	
and	 restricted,	 repetitive	 patterns	 of	 behavior,	 interest,	 or	 activities	




individuals	with	 autism	 tend	 to	have	a	 “normal”	 IQ	 (Barendse	et	al.,	
2013).	Recently,	increasing	interest	has	been	focused	on	abnormalities	















Hutchison,	 &	 Williams,	 2013).	 But	 those	 studies	 mainly	 assessed	
within-	network	connectivity,	 that	 is,	between	hubs/ROIs	connectiv-
ity.	And	evidence	shows	that	for	adolescents	and	adults,	the	impaired	
connectivity	 is	 to	be	 found	between,	 rather	 than	within,	 large-	scale	
networks	(Bos	et	al.,	2014;	Nomi	&	Uddin,	2015;	Redcay	et	al.,	2013;	
Tyszka,	Kennedy,	Paul,	&	Adolphs,	2014).	To	extract	those	large-	scale	
resting-	state	 networks	 and	 their	 associated	 time	 series,	 neuroimag-
ing researchers have adopted a multivariate signal processing method 




spatial and temporal information about anatomical regions that show 
similar	functional	connectivity,	it	does	not	reveal	causal	relationships	












derived causality magnitude F	 upon	 two	 brain	 signals	 (time	 series).	
















trols would recover faster and should show none or less significant 
between-	resting-	state	 scans	 changes.	Therefore,	 not	 only	 between-	
group	 difference	 is	 analyzed,	 but	 also	 the	 between-	scan	 (recovery)	
effects	(within	the	groups).
Differences	between	HFA	and	controls	may	be	present	in	the	com-
position	of	 the	 spatial	network	organization	 (connectivity)	 and/or	 in	
the	temporal	neurodynamics	(causal	effect).
2  | MATERIALS AND METHODS
2.1 | Participants
Thirteen	adolescents	with	ASD	and	13	age-	and	 IQ-	matched	con-
trols	 participated	 in	 this	 study.	 All	 participants	were	 between	 12	
and	 18	years	 old.	 Individuals	 with	 ASD	 were	 recruited	 from	 De	
Berkenschutse,	a	special	secondary	education	school	in	Heeze	(the	
Netherlands).	 All	 adolescents	 in	 the	 control	 group	were	 recruited	
through	an	advertisement	in	a	(local)	newspaper	and	visited	regular	
secondary	 schools	 in	 various	 regions	 of	 the	Netherlands.	Written	
informed	consent	was	also	obtained	from	the	next	of	kin,	caretak-
ers,	or	guardians	on	behalf	of	the	adolescents	enrolled	in	this	study.	
Inclusion	 criteria	 for	 the	 adolescents	 with	 HFA	 were	 established	
diagnostic criteria according to the DSM–IV,	as	well	as	 the	autism	
algorithm	cut-	offs	on	the	Autism	Diagnostic	Observation	Schedule	
K E Y W O R D S
autism	spectrum	disorder,	functional	MRI,	Granger	causality,	high-functioning	autism,	
independent	component	analysis,	resting-state	brain	connectivity,	temporal	neurodynamics
     |  3 of 10BERNAS Et Al.
(ADOS)	 (Barendse	et	al.,	2013;	de	Bildt	et	al.,	2009).	 Inclusion	cri-
terion for the control group was no history of psychiatric illness. 
Adolescents	in	the	control	group	were	excluded	if	they	and/or	one	
of	 their	 siblings	 and/or	 parent(s)	 had	 a	 diagnosis	 of	ASD.	 Further	
exclusion	 criteria	 for	 both	 groups	 were	 a	 comorbid	 psychiatric	
disorder,	a	 significant	hearing	or	visual	 impairment,	an	 inability	 to	
speak/understand	 the	Dutch	 language,	 and/or	a	comorbid	central	







The	 study	 protocol	 was	 approved	 by	 the	 Medical	 Ethical	
Commission	of	the	Maastricht	University	Medical	Center.
2.2 | Image acquisitions
MRI	 was	 performed	 on	 a	 3.0-	Tesla	 unit	 (Philips	 Achieva)	 equipped	
with	 an	 8-	channel	 receiver-	only	 head	 coil.	 For	 anatomical	 reference,	
a	T1-	weighted	3D	fast	(spoiled)	gradient	echo	sequence	was	acquired	
with	 the	 following	 parameters:	 repetition	 time	 (TR)	 8.2	ms,	 echo	
time	(TE)	3.7	ms,	inversion	time	(TI)	1,022	ms,	flip	angle	8°,	voxel	size	
1 × 1 × 1 mm3,	 field	 of	 view	 (FOV)	 240	×	240	mm2,	 150	 transverse	














and to think of nothing but not to fall asleep.
2.3 | Data preprocessing





slice-	timing	 correction;	 registration	 to	 the	 Montreal	 Neurological	
Institute	 (MNI)	 standard	 space	 (2	mm	 isotropic);	 spatial	 smooth-
ing	 using	 a	 Gaussian	 kernel	 of	 4.0	mm	 full	 width	 at	 half-	maximum	
(FWHM);	grand-	mean	intensity	normalization;	and	high-	pass	temporal	
filtering	at	100	s	(0.01	Hz).	After	these	preprocessing	steps,	one	autis-
tic subject and the second scan of a control participant were rejected 




2.4 | Group independent component analysis
A	 single	 group-	level	 ICA	was	 performed	 across	 all	 subjects	 and	 all	
scans	 from	 both	 HFA	 and	 control	 groups	 using	 probabilistic	 ICA	








Gender 12	male,	1	female 12	male,	1	female — —
Age	(years) 15.3	(1.2) 14.5	(1.3) 2.89 .102
Verbal	comprehension	index 117.1	(9.0) 117	(10.4) 0.00 .968
Perceptual	organization	
index
114.0	(5.8) 109.1	(7.8) 4.85 .038
Freedom	from	distractibility	
index
99.5	(14.5) 101.9	(14.6) 0.19 .670









Scan 1 0.089	(0.043) 0.092	(0.034) 0.063 .80




TABLE  1 Demographic and descriptive 
data	of	ASD	and	control	adolescents
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decomposition	 into	 independent	components	 (MELODIC).	First,	 the	
previously preprocessed 4D dataset was temporally transformed 
by	concatenation	 into	a	single	 time	series.	This	new	4D	 image	was,	
then,	 separated	 into	 34	 independent	 components	 (ICs).	 The	 num-
ber of components was arbitrarily set to 34 as it seems to be a good 
trade-	off	to	get	a	sufficient	number	of	relevant	networks	(around	ten),	
without	 splitting	 them	 into	 subcomponents	 (Wang	 et	al.,	 2011).	 To	
obtain	the	components,	group	probabilistic	ICA	processing	steps	were	




component analysis. Then these observations were decomposed into 
sets of vectors which describe signal variations across the temporal 
domain	 (time	 courses),	 the	 session/subject	 domain,	 and	 the	 spatial	
domain	(maps)	by	optimizing	for	non-	Gaussian	spatial	source	distribu-
tions	using	a	 fixed-	point	 iteration	 technique	 (Hyvärinen,	1999).	The	
resulting estimated component maps were divided by the standard 
deviation of the residual noise and threshold at a posteriori probability 
threshold of p > .5	(i.e.,	an	equal	loss	is	placed	on	false	positives	and	
false	 negatives)	 by	 fitting	 a	Gaussian/gamma	mixture	model	 to	 the	
histogram	of	intensity	values	(Beckmann	et	al.,	2005).
2.5 | Resting- state networks selection
The	most	relevant	group-	level	IC	maps	(of	34)	were	selected	according	
to	the	following	three	steps.	First,	group-	level	IC	maps	with	more	than	





in	 resting-	state	 fMRI	 studies.	With	 this	 template	and	our	 remaining	
group	 maps,	 a	 function,	 using	 the	 “goodness-	of-	fit”	 approach	 was	
created	 and	 applied	 (Greicius,	 Srivastava,	 Reiss,	 &	 Menon,	 2004;	
Vanhaudenhuyse	 et	al.,	 2010).	 Finally,	 the	 third	 step	 consisted	 in	 a	




with first selection step.
2.6 | Spatial RSN analysis between groups
The	first	level	of	the	voxel-	wise	group	analysis	was	performed	using	
dual-	regression	(Beckmann,	Mackay,	Filippini,	&	Smith,	2009).	The	
aim	of	 this	process	 is	 to	obtain,	 from	the	group	 IC	maps,	 subject-	
specific	IC	maps.	Dual-	regression	involves	two	general	linear	mod-
els	(GLM).	First,	the	group	IC	maps	were	used	as	spatial	regressors	
against	 the	 preprocessed	 individual	 fMRI	 scans.	 This	 results	 in	
single-	subject	 time	courses	 for	each	component	 separately.	Then,	
these	 time	 courses	were	normalized	 to	unit	 variance	 to	 test	both	
the	“shape”	and	“amplitude”	of	the	RSN.	In	the	second	GLM,	these	
normalized	 individual	 time	courses	were	used	as	 temporal	 regres-
sors	 against	 the	 preprocessed	 individual	 fMRI	 images,	 leading	 to	
subject-	specific	IC	maps	for	each	subject’s	scan.	As	there	were	two	
subject-	specific	 spatial	 maps	 per	 IC	 for	 each	 individuals	 (one	 per	
scan),	before	running	final	group-	level	analysis,	we	merged	and	av-
eraged	these	two	IC	maps	per	subject.	We	also	compared	the	two	
groups	 for	each	 scan	 separately,	 that	 is,	without	 the	merging	and	
averaging	of	the	RSN	maps,	as	explained	below.
The second level of the group analysis consisted in getting the 
effects	of	within-	group	means	(control	group	average	>0;	HFA	group	




p < .05,	 family-	wise	 error	 (FWE)	 corrected	 with	 the	 threshold-	free	
cluster	 enhancer	 (TFCE)	 technique	 (Smith	&	Nichols,	 2009).	 Finally,	
nuisance	regressors	describing	age,	 IQ,	and	relative	gray	matter	vol-
ume	were	 added	 to	 the	model	 in	 a	 second	 experiment,	 to	 observe	
their	possible	effects	on	the	between-	group	contrast	maps.






causalities	 of	 our	 independent	 components	 (resting-	state	 networks).	
The	 assessment	 is	 performed	 on	 each	 pair	 of	 subject-	specific	 RSNs	
time	series	and	repeated	for	each	resting-	state	scan,	using	the	multi-
variate	Granger	causality	(MVGC)	toolbox	(Barnett	&	Seth,	2014).	This	
gives us estimates F	of	Granger	causality	magnitudes	for	each	network	
pairs,	 subject,	 and	 scan.	 Furthermore,	 with	 two-	sample	 two-	tailed	 









also	 within	 networks	 related	 to	 social	 interaction	 (Anderson	 et	al.,	
2013;	Hanson	et	al.,	2013;	Keown	et	al.,	2017;	Nomi	&	Uddin,	2015).	
Therefore,	we	selected	the	RSNs	located	mainly	in	frontotemporal	cor-
tices and/or consisting of sociocognitive brain parts. These networks 
are assessed and compared with the method described above.
3  | RESULTS
For	 each	 group,	 age,	 gender,	 intelligence	 scores,	 ADOS	 diagnostic	
score,	and	mean	framewise	displacement	(in	mm)	per	group	and	per	




3.1 | RSN selection and between- groups 
spatial analysis
We	extracted	 functionally	 relevant	group	 ICs	based	on	 the	 resting-	
state	template	from	Smith	et	al.	(2009).	After	visual	inspection,	we	also	
included	 the	widely	 described	 ventral	 attention	 network	 (Corbetta,	
Patel,	&	Shulman,	2008;	Farrant	&	Uddin,	2015;	Fox,	Corbetta,	Snyder,	
Vincent,	&	Raichle,	2006).	Finally	 for	 further	analysis,	we	described	
our	 executive	 control	 network	 as	 the	 salience-	executive	 network,	
since	it	involves,	not	only	prefrontal	and	posterior	cingulate	cortices	
(for	 executive	 function),	 but	 also	 the	 salient	 network	 compounded	










for	the	ASD	> control and control > ASD	contrasts.	The	same	results	
occurred	when	comparing	the	groups	for	each	scan	separately.	In	the	










3.2 | Temporal dynamics of the RSNs
The causal analysis to detect temporal dynamics differences was 




1,	Figure	1),	 the	salience-	executive	system	 (IC	3),	 the	ventral	atten-
tional	network	(IC	10),	and	the	auditory	system	(IC	6).	Pairwise	con-
ditional	Granger	causality	magnitudes,	in	average,	within	each	group	





sample	 two-	tailed	 t-	test	 to	compare	HFA	adolescents’	G-	causalities	










F	 (Granger	 causality	 value)	 for	 ASD	=	0.028	 (SD	=	0.015);	 mean	 F	
controls	=	0.058	(SD	=	0.031);	t(24)		=	3.17,	p-	value	=	.0042.	Figure	2	
shows this directed causal connection and displays in more detail the 
cortical regions involved in these two networks.
4  | DISCUSSION
In	 the	 present	 study	 of	 high-	functioning	 adolescents	 with	 autism,	
resting-	state	whole-	brain	 functional	 connectivity	was	examined.	No	








state session. The primary findings of similar functional connectivity 













ity in the adolescents with autism. The pairwise temporal correlations 
used	in	their	study	can	be	seen	as	(undirected)	instantaneous	causal-
ity.	Hence,	their	results	of	between-	network	hypoconnectivity	in	ASD	
population	 is	partially	 (only	 instantaneous	causality)	 in	 line	with	our	
results	of	weaker	neurodynamics	in	autism,	which	are	discussed	in	the	
next	paragraph.









known to play a role in functions that tend to be weak in autism: social 
and	emotional	processing,	including	face	recognition	and	the	theory	of	
mind	(Kana	et	al.,	2015;	Olson,	Plotzker,	&	Ezzyat,	2007).	Also,	the	STS	




work.	This	 salience-	executive	 control	 network	 involves	 the	 anterior	




planning,	 and	 execution	 (Chan,	 Shum,	Toulopoulou,	 &	 Chen,	 2008).	
The	AI	cortex	is	a	brain	structure	implicated	in	disparate	cognitive,	af-




Notably,	 they	affirm	that	 the	MNS	activity	 in	 the	pars	opercularis	 is	
consistently	present	during	 imitation,	action	observation,	and	 inten-
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The	 association	AI/ACC,	 also	 termed	 the	 salient	 network,	 plays	
a role in dynamic switching between brain networks in reaction to 
cognitively	demanding	tasks	(switch	default	mode	network/executive	
network;	Menon	&	Uddin,	2010;	Sridharan,	Levitin,	&	Menon,	2008).	














have	 the	 same	 pattern	 of	 temporal	 dynamics,	 that	 is,	 the	 influence	
of	one	RSN	on	another	varies	between	 the	 two	cohorts:	 the	causal	
connectivity	 between	 the	 salience-	executive	 and	 ventral	 attention	
networks	(in	the	direction	of	ventral	attention	→	salience-	executive)	is	
significantly	weaker	in	the	HFA	population,	but	only	in	their	post-	task	
resting state. This impaired temporal neurodynamics suggests failing 
bridging of the emotional states regulated in the ventral attentional 
to	 the	 decision-	making-	oriented	 salience-	executive	 control	 system.	
This may therefore be described as a more rigid system in terms of 
the	emotional-	executive	bridge,	which	can	be	seen	as	an	endogenous	
to	 exogenous	 (self	 to	 other)	 dynamic	 process	 failure	 as	 suggest	 by	
the	 literature	 (Di	Martino,	Shehzad,	et	al.,	2009;	Ebisch	et	al.,	2011;	
Menon	&	Uddin,	2010;	Uddin,	Supekar,	Ryali,	&	Menon,	2011;	Uddin,	
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in	 between	 the	 two	 resting-	state	 scan	 sessions.	 We	 therefore	 hy-




cognitive	 flexibility	 (or	 more	 rigidity)	 in	 the	 post-	task	 resting-	state	
connectivity	in	ASD,	reducing	the	between-	networks	dynamics,	show-





One	of	 the	main	 challenges	 in	 applying	G-	causality	upon	 fMRI	BOLD	
signals	 is	 the	 problem	 of	 the	 hemodynamic	 response	 function	 (HRF)	























an effect on the results of an effective connectivity analysis.
5  | CONCLUSION














appear in the dynamic connectivity between the networks functionally 
related to the previous cognitive task.
NOTES
Sample	 sizes	 for	 the	 groups	 have	 been	 calculated	 using	 previous	
fMRI	 studies	 on	 ASD	 with	 significant	 results	 of	 lower	 functional	
connectivity	in	working	memory	network,	and	ToM	network	in	the	
autism	cohorts	(Kana	et	al.,	2015;	Koshino	et	al.,	2008).	Those	stud-
ies	 had	13	TDC/13	ASD	and	11	TDC/11	ASD,	 respectively.	 Post	
hoc power analyses using the significant results from the two pa-
pers	 lead	 to	a	power	of	90%	and	83%,	 respectively.	Hence,	using	
13/13 patients/controls is sufficient and powerful enough for find-
ing	similar	effect	sizes.
Inclusion	 criteria	were	predetermined.	 For	 further	 analysis	 (such	
as	group	comparison)	we	had	post	hoc	exclusion	criteria	such	as	a	too	




Finally,	no	 informed	consent	 for	personal	data	 sharing	has	been	





Antoine Bernas  http://orcid.org/0000-0002-2006-4891 
REFERENCES
Anderson,	J.	S.,	Ferguson,	M.	A.,	&	Nielsen,	J.	A.	 (2013).	 	Functional	MRI	
in	Autism.	 In	M.	F.	Casanova,	A.	 S.	El-Baz	&	J.	 S.	 Suri	 (Eds.),	 Imaging 
the Brain in Autism	 (pp.	289–323).	New	York,	NY:	Springer	New	York.	
https://doi.org/10.1007/978-1-4614-6843-1_10	
Anderson,	 J.	 S.,	 Nielsen,	 J.	 A.,	 Froehlich,	 A.	 L.,	 DuBray,	 M.	 B.,	 Druzgal,	
T.	 J.,	 Cariello,	A.	N.,	…	 Lainhart,	 J.	 E.	 (2011).	 Functional	 connectivity	
magnetic resonance imaging classification of autism. Brain,	 134(12),	 
3742–3754.	https://doi.org/10.1093/brain/awr263
Barendse,	 E.	 M.,	 Hendriks,	 M.	 P.,	 Jansen,	 J.	 F.,	 Backes,	 W.	 H.,	
Hofman,	 P.	 A.,	 Thoonen,	 G.,	 …	 Aldenkamp,	 A.	 P.	 (2013).	 Working	
	memory	 deficits	 in	 high-	functioning	 adolescents	 with	 autism	
	spectrum	 disorders:	 Neuropsychological	 and	 neuroimaging	 cor-
relates. Journal of Neurodevelopmental Disorders,	 5(1),	 14.	 https:// 
doi.org/10.1186/1866-1955-5-14
     |  9 of 10BERNAS Et Al.
Barnett,	 L.,	 &	 Seth,	 A.	 K.	 (2014).	 The	MVGC	multivariate	 Granger	 cau-
sality	 toolbox:	 a	 new	 approach	 to	 Granger-	causal	 inference.	 Journal 
of Neuroscience Methods,	 223,	 50–68.	 https://doi.org/10.1016/ 
j.jneumeth.2013.10.018
Barttfeld,	 P.,	Wicker,	 B.,	 Cukier,	 S.,	 Navarta,	 S.,	 Lew,	 S.,	 Leiguarda,	 R.,	 &	
Sigman,	 M.	 (2012).	 State-	dependent	 changes	 of	 connectivity	 pat-
terns and functional brain network topology in autism spectrum dis-
order. Neuropsychologia,	50(14),	3653–3662.	https://doi.org/10.1016/ 
j.neuropsychologia.2012.09.047
Beckmann,	 C.	 F.,	 DeLuca,	 M.,	 Devlin,	 J.	 T.,	 &	 Smith,	 S.	 M.	 (2005).	
Investigations	 into	 resting-	state	 connectivity	 using	 independent	
component analysis. Philosophical Transactions of the Royal Society of 




regression.	 In	Human	Brain	Mapping	Conference	 (p.	 181).	 Retrieved	
from	http://fsl.fmrib.ox.ac.uk/analysis/dualreg/dualreg_poster.pdf
Belmonte,	 M.	 K.	 (2004).	 Autism	 and	 abnormal	 development	 of	 brain	
connectivity. Journal of Neuroscience,	 24(42),	 9228–9231.	 https:// 
doi.org/10.1523/JNEUROSCI.3340-04.2004
de	Bildt,	A.,	Sytema,	S.,	van	Lang,	N.	D.	J.,	Minderaa,	R.	B.,	van	Engeland,	
H.,	&	 de	Jonge,	M.	V.	 (2009).	 Evaluation	 of	 the	ADOS	 revised	 algo-
rithm: The applicability in 558 Dutch children and adolescents. Journal 




resting-	state	 networks	 in	 Autism	 Spectrum	 Disorder.	 NeuroImage: 
Clinical,	4,	820–827.	https://doi.org/10.1016/j.nicl.2014.05.007
Bressler,	 S.	 L.,	 &	 Seth,	 A.	 K.	 (2011).	 Wiener-	Granger	 Causality:	 A	 well	




ical issues. Archives of Clinical Neuropsychology,	23(2),	201–216.	https://
doi.org/10.1016/j.acn.2007.08.010
Chen,	T.,	Cai,	W.,	Ryali,	S.,	Supekar,	K.,	&	Menon,	V.	(2016).	Distinct	global	
brain	dynamics	 and	 spatiotemporal	 organization	of	 the	 salience	net-
work. PLoS Biology,	 14(6),	 1–21.	 https://doi.org/10.1371/journal.
pbio.1002469
Cherkassky,	 V.	 L.,	 Kana,	 R.	 K.,	 Keller,	 T.	 A.,	 &	 Just,	 M.	 A.	 (2006).	
Functional	 connectivity	 in	 a	 baseline	 resting-	state	 network	 in	 au-





Dapretto,	 M.,	 Davies,	 M.	 S.,	 Pfeifer,	 J.	 H.,	 Scott,	 A.	 A.,	 Sigman,	 M.,	
Bookheimer,	S.	Y.,	&	Iacoboni,	M.	 (2006).	Understanding	emotions	 in	
others:	Mirror	 neuron	 dysfunction	 in	 children	with	 autism	 spectrum	
disorders. Nature Neuroscience,	9(1),	28–30.	https://doi.org/10.1038/
nn1611
David,	O.,	Guillemain,	 I.,	 Saillet,	 S.,	Reyt,	 S.,	Deransart,	C.,	 Segebarth,	C.,	
&	Depaulis,	A.	 (2008).	 Identifying	neural	drivers	with	functional	MRI:	
An	 electrophysiological	 validation.	PLoS Biology,	6(12),	 e315.	 https:// 
doi.org/10.1371/journal.pbio.0060315
Deshpande,	 G.,	 LaConte,	 S.,	 James,	 G.	 A.,	 Peltier,	 S.,	 &	 Hu,	 X.	 (2009).	
Multivariate	 Granger	 causality	 analysis	 of	 fMRI	 data.	 Human 




using machine learning. Front Hum Neurosci,	7(October),	670.	https://
doi.org/10.3389/fnhum.2013.00670
Di	Martino,	 A.,	 Ross,	 K.,	 Uddin,	 L.	 Q.,	 Sklar,	 A.	 B.,	 Castellanos,	 F.	 X.,	 &	
Milham,	M.	P.	(2009).	Functional	brain	correlates	of	social	and	nonso-
cial	 processes	 in	 autism	 spectrum	disorders:	An	 activation	 likelihood	
estimation	meta-	analysis.	Biological Psychiatry,	 65(1),	 63–74.	 https://
doi.org/10.1016/j.biopsych.2008.09.022
Di	Martino,	A.,	Shehzad,	Z.,	Kelly,	C.	A.	M.,	Roy,	A.	K.,	Gee,	D.	G.,	Uddin,	
L.	 Q.,	 …	 Milham,	 M.	 P.	 (2009).	 Autistic	 traits	 in	 neurotypical	 adults	
are	 related	 to	 cingulo-	insular	 functional	 connectivity.	 The American 
Journal of Psychiatry,	 166(8),	 891–899.	 https://doi.org/10.1176/appi.
ajp.2009.08121894
Douw,	 L.,	 Wakeman,	 D.	 G.,	 Tanaka,	 N.,	 Liu,	 H.,	 &	 Stufflebeam,	 S.	 M.	
(2016).	 State-	dependent	 variability	 of	 dynamic	 functional	 connec-
tivity between frontoparietal and default network relates to cogni-
tive	 flexibility.	 Neuroscience,	 339,	 12–21.	 https://doi.org/10.1016/ 
j.neuroscience.2016.09.034
Ebisch,	 S.	 J.	 H.,	 Gallese,	 V.,	 Willems,	 R.	 M.,	 Mantini,	 D.,	 Groen,	 W.	 B.,	
Romani,	G.	L.,	…	Bekkering,	H.	(2011).	Altered	intrinsic	functional	con-
nectivity	 of	 anterior	 and	 posterior	 insula	 regions	 in	 high-	functioning	
participants with autism spectrum disorder. Human Brain Mapping,	
32(7),	1013–1028.	https://doi.org/10.1002/hbm.21085
Farrant,	 K.,	 &	 Uddin,	 L.	 Q.	 (2015).	 Asymmetric	 development	 of	 dorsal	
and ventral attention networks in the human brain. Developmental 
Cognitive Neuroscience,	 12,	 165–174.	 https://doi.org/10.1016/ 
j.dcn.2015.02.001
Fox,	M.	D.,	Corbetta,	M.,	Snyder,	A.	Z.,	Vincent,	J.	L.,	&	Raichle,	M.	E.	(2006).	
Spontaneous neuronal activity distinguishes human dorsal and ventral 
attention systems. Proceedings of the National Academy of Sciences 
of the United States of America,	 103(26),	 10046–10051.	 https:// 
doi.org/10.1073/pnas.0604187103
Granger,	 C.	 W.	 J.	 (1969).	 Investigating	 causal	 relations	 by	 econometric	
models	 and	 cross-	spectral	 methods.	 The Econometric Society,	 37(3),	
424–438.	https://doi.org/10.2307/1912791
Greicius,	M.	D.,	Srivastava,	G.,	Reiss,	A.	L.,	&	Menon,	V.	(2004).	{D}efault-	
mode	 network	 activity	 distinguishes	 {A}lzheimer’s	 disease	 from	
healthy	 aging:	 Evidence	 from	 functional	 {MRI}.	 Proceedings of the 
National Academy of Sciences of the United States of America,	101(13),	 
4637–4642.	https://doi.org/10.1073/pnas.0308627101
Hanson,	C.,	Hanson,	S.	J.,	Ramsey,	J.,	&	Glymour,	C.	 (2013).	Atypical	 ef-
fective connectivity of social brain networks in individuals with au-
tism. Brain Connectivity,	 3(6),	 578–589.	 https://doi.org/10.1089/
brain.2013.0161
Hassan	 Saleh,	 I.	 E.	 (2011).	Resting state fMRI time series : From noise cor-
rection to functional recovery.	Rome,	RM:	Sapienza	Università	Di	Roma.
Hyvärinen,	A.	(1999).	Fast	and	robust	fixed-	point	algorithms	for	indepen-
dent component analysis. IEEE Transactions on Neural Networks,	10(3),	
626–634.	https://doi.org/10.1109/72.761722
Jenkinson,	M.,	Bannister,	P.,	Brady,	M.,	&	Smith,	S.	 (2002).	 Improved	op-
timization	 for	 the	 robust	and	accurate	 linear	 registration	and	motion	
correction of brain images. NeuroImage,	 17(2),	 825–841.	 https:// 
doi.org/10.1016/S1053-8119(02)91132-8
Kana,	 R.	 K.,	 Maximo,	 J.	 O.,	 Williams,	 D.	 L.,	 Keller,	 T.	 A.,	 Schipul,	 S.	
E.,	 Cherkassky,	 V.	 L.,	 …	 Just,	 M.	 A.	 (2015).	 Aberrant	 function-
ing	 of	 the	 theory-	of-	mind	 network	 in	 children	 and	 adolescents	
with autism. Molecular Autism,	 6(1),	 59.	 https://doi.org/10.1186/
s13229-015-0052-x
Kana,	R.	K.,	Uddin,	L.	Q.,	Kenet,	T.,	Chugani,	D.,	&	Müller,	R.-A.	(2014).	Brain	




theory study of intrinsic functional connectivity. Biological Psychiatry: 




10 of 10  |     BERNAS Et Al.
in	 autism:	Visual	 coding	 and	 underconnectivity	with	 frontal	 areas.	





Journal of Psychiatric Research,	54,	126–133.	https://doi.org/10.1016/ 
j.jpsychires.2014.03.010
Liao,	W.,	Mantini,	 D.,	 Zhang,	 Z.,	 Pan,	 Z.,	 Ding,	 J.,	 Gong,	Q.,	 …	 Chen,	 H.	
(2010).	Evaluating	the	effective	connectivity	of	resting	state	networks	
















Nichols,	T.	 E.,	 &	Holmes,	A.	 P.	 (2002).	Nonparametric	 permutation	 tests	
for	 functional	 neuroimaging:	 A	 primer	 with	 examples.	 Human Brain 
Mapping,	15(1),	1–25.	https://doi.org/10.1002/hbm.1058
Nomi,	J.	S.,	&	Uddin,	L.	Q.	 (2015).	Developmental	changes	 in	 large-	scale	










of autism. Neuroscience & Biobehavioral Reviews,	 32(1),	 123–142.	
https://doi.org/10.1016/j.neubiorev.2007.06.004
Redcay,	E.,	Moran,	J.	M.,	Mavros,	P.	 L.,	Tager-Flusberg,	H.,	Gabrieli,	J.	D.	
E.,	&	Whitfield-Gabrieli,	 S.	 (2013).	 Intrinsic	 functional	 network	orga-
nization	 in	 high-	functioning	 adolescents	 with	 autism	 spectrum	 dis-











tecture during activation and rest. Proceedings of the National Academy 
of Sciences of the United States of America,	 106(31),	 13040–13045.	
https://doi.org/10.1073/pnas.0905267106
Smith,	 S.	 M.,	 &	 Nichols,	 T.	 E.	 (2009).	 Threshold-	free	 cluster	 enhance-
ment:	Addressing	problems	of	smoothing,	threshold	dependence	and	
localisation in cluster inference. NeuroImage,	 44(1),	 83–98.	 https:// 
doi.org/10.1016/j.neuroimage.2008.03.061
Sridharan,	D.,	Levitin,	D.	J.,	&	Menon,	V.	(2008).	A	critical	role	for	the	right	
fronto-	insular	 cortex	 in	 switching	 between	 central-	executive	 and	
default-	mode	networks.	Proceedings of the National Academy of Sciences 







adults with autism. Cerebral Cortex,	 24(7),	 1894–1905.	 https:// 
doi.org/10.1093/cercor/bht040
Uddin,	 L.	Q.,	 &	Menon,	V.	 (2009).	The	 anterior	 insula	 in	 autism:	Under-	












a developmental perspective. Frontiers in Human Neuroscience,	7,	1–11.	
http://doi.org/https://doi.org/10.3389/fnhum.2013.00458
Uddin,	L.	Q.,	Supekar,	K.	S.,	Ryali,	S.,	&	Menon,	V.	(2011).	Dynamic	reconfigu-
ration of structural and functional connectivity across core neurocogni-
tive brain networks with development. Journal of Neuroscience,	31(50),	
18578–18589.	https://doi.org/10.1523/JNEUROSCI.4465-11.2011
Vanhaudenhuyse,	 A.,	 Noirhomme,	 Q.,	 Tshibanda,	 L.	 J.-F.,	 Bruno,	 M.-A.,	
Boveroux,	P.,	Schnakers,	C.,	&	Boly,	M.	(2010).	Default	network	connec-
tivity	reflects	the	level	of	consciousness	in	non-	communicative	brain-	
damaged patients. Brain,	 133(1),	 161–171.	 https://doi.org/10.1093/
brain/awp313
Wang,	X.,	Foryt,	P.,	Ochs,	R.,	Chung,	J.-H.,	Wu,	Y.,	Parrish,	T.,	&	Ragin,	A.	
B.	 (2011).	 Abnormalities	 in	 resting-	state	 functional	 connectivity	 in	
early human immunodeficiency virus infection. Brain Connectivity,	1(3),	 
207–217.	https://doi.org/10.1089/brain.2011.0016
Wicker,	 B.,	 Fonlupt,	 P.,	 Hubert,	 B.,	 Tardif,	 C.,	 Gepner,	 B.,	 &	 Deruelle,	
C.	 (2008).	 Abnormal	 cerebral	 effective	 connectivity	 during	 ex-
plicit emotional processing in adults with autism spectrum disorder. 
Social Cognitive and Affective Neuroscience,	 3(2),	 135–143.	 https:// 
doi.org/10.1093/scan/nsn007
Zaremba,	A.,	&	Aste,	T.	(2014).	Measures	of	causality	in	complex	datasets	
with application to financial data. Entropy,	16(4), 2309-2349.
Zuo,	X.,	Kelly,	C.,	Adelstein,	J.	S.,	Klein,	D.	F.,	Castellanos,	F.	X.,	&	Milham,	




Additional	 Supporting	 Information	 may	 be	 found	 online	 in	 the	
 supporting information tab for this article.
How to cite this article:	Bernas	A,	Barendse	EM,	Aldenkamp	AP,	
et	al.	Brain	resting-	state	networks	in	adolescents	with	high-	
functioning	autism:	Analysis	of	spatial	connectivity	and	temporal	
neurodynamics. Brain Behav. 2018;8:e00878.  
https://doi.org/10.1002/brb3.878
